Introduction
For many years, the accelerator community has been interested in knowing the high-breakdown limits of RF accelerator structures. In the absence of much experimental data, accelerator designers have relied on the well-known Kilpatrick criterion1 which predicts that these limits are a function of the RF frequency and electrode geometries for the CW regime or very long pulses. Recent experimental results show that the Kilpatrick criterion indeed could be exceeded considerably. Experiments done at Varian2j3 on "half" single cavities and at SLAC4 on a standing-wave 2mr/3 mode linac structure indicate that an accelerating field of up to 150 MV/ m and peak surface field of up to 300 MV/m can be obtained for a few JN pulses in s-band RF case. The evidence is that these limits do not seem to be very sensitive to choice of metal as long as reasonable quality control and cleanliness precautions of cavity surfaces are observed. Careful and gradual RF processing enables one to bring these structure up to a fairly well defined gradient limits above which breakdown invariably occurs. Also, the studies at Los Alamos, and in Germany6 reveal similar facts.
There are many factors to be discussed concerning the voltage breakdown phenomenon: field emission, absorption, positive ion bombardment, electron multipacting, microparticle charge acquisition, electromechanical detachment and non-metallic field emitting microregimes, etc. We will confine the discussion to high gradient, room-temperature accelerators, which have clean well-finished cavity surfaces and good vacuum conditions (10m6 -~O-'T). We will simplify the analysis without loss of important physics effects.
At very low gas pressure electron ionization becomes inadequate to cause a breakdown; which means that to the first order, vacuum breakdown is pressureindependent. Furthermore, in an RF field the energy gain of an ion is very small.
The equation of motion along the field direction x for a charged particle in an RF field can be expressed as d2x m dt2 -= e& sin(wt + 4) ,
where m and e are the mass and charge of the particle, Ec and w are the peak field strength and angular frequency of the RF field. 
where d is the cavity length. Actually the field gradients, that we are interested in are much higher than those shown in (3) above.
In this note we focus on the breakdown-initiating mechanism due to "cold" field electron emission occurring at isolated sites on broad-area cavity surfaces, where the field is locally enhanced. 
By substituting W of Eq. (6) into 'Eq. (4)) th e relationship of RF frequency in MHz and maximum electrical field in MV/m is built as follows:
.
From the derivation of the above formulae, they were not intended to be a criterion for RF breakdown in accelerators, which have varieties of cavity shapes.
Also the modern vacuum equipments cavity surface machining and processing techniques are much improved compared to those of thirty years ago. No doubt further study is necessary.
Field Electron Emission from Metal
Following within the indicated range dP,dP,dP, can be expressed by 2v dP,dP,dP, dn=fp e!J+l ' (9) where h is Planck's constant, k is Boltzmann's constant, 5 is called Fermi energy and 2' is temperature. The flux of electrons that have normal energy components between W, and Wz + dW, and incident upon the barrier within the metal is
is supply function which can be found by integrating Eq.
(9) over all PY and Pg. The probability of penetration of the barrier D(Wz) is called the transmission coefficient. By WKB approximation, we can have the solution for the time-independent SchrGdinger equation:
where x1 and 22 are the zeros of the radicand. The total number of electrons that tunnel through the barrier is obtained by integrating the product of these
Z over all energies. Ordinarily the lowest energy -W, is far below the Fermi energy. By putting the lower limit at -00, the field emission current density is jF = e J
For low temperature (T < 300'K) it had the form:
where E is the surface electrical field in V/m, 4 is the work function of the emit- 
Field Electron Emission for Alternating Field
We suppose the surface field in an accelerator cavity is E = Eo sin wt 
i.e. the transition probability increases quadratically with time. In an actual RF field the tunneling is concentrating in the flat top near Em,,, for instance, with an effective time for tunneling At w 0.1/f.17 By using Eqs. (18, 20 )
where C* is a constant. 
Therefore, this important parameter of p value can be obtained by performing field emission current measurements.
Breakdown Mechanisms and Criteria
The 
where IF is the total emission current, n(T) is the electrical resistivity and K is the thermal conductivity of the emitter, k is Boltzman's constant, P fi: 9. 
